Herpes simplex virus (HSV) is the commonest infective cause of blindness in many developed countries, where it has a reported incidence of between 5 9 and 20-7 episodes per 100 000 person years. [1] [2] [3] This appears to be increasing. 2 Following primary infection with HSV, the virus becomes latent in sensory nerve ganglia. Recurrent herpetic corneal ulceration is thought to result from reactivation of the virus within the trigeminal ganglion and neuronal spread into the cornea. 4 Most blinding ophthalmic disease is a result of repeated recurrent infections.
Recent studies in humans, however, using an operational definition of latency -namely, the absence of virus in a cell free suspension of fluid derived from the corneal tissue, but the isolation of virus following prolonged organ culture of the excised cornea -have pointed to the cornea as a possible site for harbouring HSV in a latent form.5'8 These studies used an explant culture system without a feeder layer, in which the culture medium containing the corneal disc from patients with herpex simplex keratitis was regularly sampled and cultured for HSV. Isolations were made between days 4 and 11 after explantation with a frequency of isolation of between 12 and 29-4% of corneas sampled. '8 In these reports, however, there was no information on the presence ofvirus in the tear film prior to or following penetrating keratoplasty. This is of importance if one is to exclude the possibility of corneal seeding from a ganglion derived reactivation via the tear film at or before the time of surgery. Furthermore pre-, per-, and postoperative ocular shedding of HSV has important implications for the management of patients undergoing penetrating keratoplasty. Therefore the characterisation of ocular shedding of HSV in the tear film ofpatients undergoing penetrating keratoplastywas undertaken in the present study. The release of this labile virus within a corneal disc in vitro may be transient, and it may be present in the explant culture medium in a very low concentration.7 There is therefore a distinct possibility that virus may not be detected. 7 The intercellular method of spread of HSV and its suggested origin within the corneal stroma, 8 impart a time delay between activation of latent virus and/or amplification of a chronic infection within the stroma and entry into the surrounding medium. Furthermore, by analogy with animal studies, the number ofcells capable ofsupporting viral replication may be insufficient, and thus virus may not reach the medium surrounding the cornea. 9 In an attempt to overcome these problems we used an organ cocultivation technique, thereby improving intercellular contact and increasing the surface area of exposure of the corneal tissue. To improve further the possibility of detecting the presence of virus, half of the available tissue from each cornea was cocultivated in the presence of 5-azacytidine, which has been shown to increase viral reactivation in other models of herpes virus latency. 10 The difficulty encountered by others in demonstrating the presence ofHSV in the cornea by conventional culture" 12 suggests that if it is present it must be at very low levels. Table 1 ). All had received topical acycloguanosine (ACV) for previous episodes of dendritic ulceration. All had had at least one previous episode of disciform keratitis, which had been treated with a combination of topical prednisolone and ACV. Patient A5 had had three previous corneal grafts, each failing because of recurrent herpes simplex keratitis.
All patients had been free from recurrence and without therapy for six to 18 months prior to surgery except for patient A6, who developed a descemetocoele requiring acycloguanosine and urgent penetrating keratoplasty. All had a history of recurrent herpes labialis (HSV-L) ( Postoperatively patients were placed on betamethasone 0-1% eyedrops, which in group A were replaced at six weeks by prednisolone 0-05% eyedrops.
Group C Group C comprised three corneas from donor patients none of whom had a history of corneal disease. They were not suitable for transplantation because of systemic disease.
TEAR FILM SPECIMENS
Patients had specimens collected from both eyes three times a week for two to three weeks prior to surgery, three times a week for four weeks after surgery, and then twice weekly for eight weeks. The last preoperative specimen was collected 30 minutes prior to surgery.
The preocular tear film was collected by rotation of a swab along the lower fornix to the medial canthus, where it was held to absorb tears for 10 seconds. Care was taken to avoid swabbing the corneal epithelium. Swabs were immediately placed in a sterile transport medium pack (Virocult, UK) and kept on ice prior to inoculation.
All patients had a detailed ocular examination on each visit. Episodes of HSV-L, HSV-N were recorded and the lesions swabbed.
VIRUS ISOLATION FROM TEAR FILM SPECIMENS
Each specimen was assayed for virus in duplicate on confluent Vero cells as previously described. 4 Cultures showing cytopathic effects were maintained until complete cell death and the virus harvested for typing by immunofluorescence with monoclonal antibody (Syva MicroTrak, USA). ORGAN 
COCULTIVATION
On removal from the patient one half of the corneal disc was snap frozen in liquid nitrogen, the other transported to the laboratory (10-15 minutes) in 5 ml of growth medium with 20% fetal calf serum (FCS). After microdissection into about 0 5-1 mm pieces, the tissue was resuspended in the growth medium and divided in half. Each half was diluted with growth medium (20% FCS) to a volume of 15 ml, but one half also contained a final concentration of 50
[tM 5-azacytidine. Aliquots (1 ml) of this suspension were placed in tubes of confluent Vero cells. After three days the medium in tubes containing azacytidine was replaced with growth medium (20% FCS). All cultures were fed weekly with GM (20% FCS) and examined daily after day three for viral CPE.
The rims of the 20 donor corneas were also screened for virus by the same procedure. These were not subjected to PCR.
SERUM ANTIBODY
Serum was collected at surgery or within six weeks postoperatively and assayed for HSV antibody by a complement fixation test. VERO In total, 82 and 72 specimens were collected from groups A and B respectively. There was no HSV-1 isolations (Table 1) . Patients BI and B4 had episodes of HSV-L one and two weeks prior to surgery respectively. There were no episodes of HSV-N.
POSTOPERATIVE PERIOD
Two hundred and forty-seven and 220 tear film specimens were collected from groups A and B (Table 1 ). There were three isolations (all HSV-1). They were made consecutively and were from the affected eye of patient A2. The first isolation was on day 18 after surgery, three days after commencement of topical timolol (0 25%) for raised intraocular pressure. On day 24 an epithelial ulcer developed and topical ACV was started, with resolution of the ulcer over the next five days. There were no isolations from the donor corneas, C1, C2, and C3. Three patients in group A (3, 4, 7) and three in group B (2, 4, 5) had sutures removed and or replaced. Patients A3 and Al had one and two episodes of HSV-N (HSV-1) ipsilateral to the affected eye, at four, five, and nine weeks after surgery. There were four episodes of HSV-L (HSV-1).
ORGAN COCULTIVATION There were two isolations (both HSV-1) on day 4 of tissue incubation. Both were from the corneal disc of patient A5. The isolations were in tubes that did not contain 5-azacytidine. No other isolations were made from either the corneas or the rims of donor corneal tissue.
POLYMERASE CHAIN REACTION
A positive result was taken as a visible band of the predicted molecular weight for the particular set of primers. The presence of HSV-1 DNA in these corneas could be explained by the presence of replicating virus in a low grade persistent infection, by viral DNA remaining from previous infection, or by latent virus. The first possibility appears unlikely, since infectious virus was isolated by cocultivation from only one of the 15 corneas containing HSV DNA. In an attempt to demonstrate that the DNA was from latent virus it was necessary to investigate the pattern of viral gene transcription, which so far appears to be confined to LATs during latent infection. Because of the limited amount RNA available it was not possible to study the expression of a wide range of HSV genes, and investigations were confined to the LAT and GC genes. Of the genes for which primers were available, GC was selected, since it is a late or b gene, and so its expression is likely to be a marker for the production of infectious virus.
Two of the corneas were found to contain GC transcripts, and one of these was the cornea from which virus was isolated by cocultivation. Although no virus was isolated from the other, the viral DNA detected in both was assumed to be present as actively replicating virus. A further two corneas apparently contained GC mRNA, but the signal was probably due to a minute amount of remaining DNA. The samples still gave a positive result for GC, when reverse transcription was omitted or the antisense GC primer used, and RNA PCR with the HPRT primers produced bands of expected size for amplification from both DNA and RNA templates.
In nine of the 11 remaining corneas which did not contain evidence of GC mRNA we could amplify a fragment of LAT. The presence of LAT transcripts in the absence of GC mRNA suggests that viral gene transcription is limited in these corneas, and, within the limits of this study, follows the pattern of a neuronal type of latent infection. Our results must be further evidence for the possibility of corneal latency, though they are not unequivocal proof. Further investigation of the gene expression is necessary, particularly of other genes previously postulated to have a role in the establishment and maintenance of latency, such as infected cell protein 0 (ICPO), TK, and ribonucleotide reductase. Truly latent virus should be capable of reactivation, which we were unable to detect under the conditions described. Different cocultivation conditions may promote reactivation and improve detection of the low levels of virus likely to be involved. Nevertheless, it appears that in some patients HSV may be maintained in a latent state in the cornea, and this is not always related to prior herpes simplex keratitis. The implication of these findings to our understanding of the pathogenesis of herpes simplex keratitis are not yet clear.
